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SCIENTIFIC NOTE
COMPOSITION AND ADULT ACTIVITY OF SALT-MARSH
MOSQUITOES ATTRACTED TO 1-OCTEN-3-OL, CARBON DIOXIDE.
AND LIGHT IN TOPSAIL ISLAND, NORTH CAROLINA'
LEOPOLDO M. RUEDA, AND ROBERT C. GARDNER3
ABSTRACT. By monitoring weekly for 3 months with Centers for Disease Control (CDC) light traps baited
with carbon dioxide (CO') and liglrrt, 12 species of mosquitoes were collected from salt-marsh areas in Topsail
Island, North Carolina: Aedes vexans, Anopheles atropos, An. bradleyi, An. crucians, An. punctipennis, Culex
pipiens, Cx. restuans, Cx. salinarius, Ochlerotatus sollicitans, Oc. taeniorhynchus, Oc. infirmatus, and (Jrano-
taenia sapphirina. TIte hourly activities of common salt-marsh mosquitoes, namely Oc. sollicitans, Oc. taenior-
hynchus, An. atropos, An. bradleyi, and C.x. salinarius, were observed from I 700 to 0800 h by using a collection
bottle rotator trap baited with 1-octen-3-ol (octenol), COr, and light. The mosquitoes exhibited different peaks
of adult activity, with a significantly greater number of mosquitoes collected from 0600 to 0800 h than from
1700 to 1900 h.
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Salt-marsh mosquitoes are a nuisance along the
coastal areas of North Carolina and other eastern
states. During peak season, they cause severe an-
noyance to humans, and thus may affect the tourism
industry along the coastal areas. These mosquitoes
also might be important in the epidemiology of east-
ern equine encephalomyelitis virus, West Nile virus,
and other arboviruses (Rueda et al. 2OOl). Little is
known about the ecology of these mosquitoes in
eastern North Carolina. Knowledge of the compo-
sition and biting habits of mosquitoes associated
with salt-marsh areas is essential in establishing
sound vector control programs. Furthermore, person-
al protection measures such as repellents, tent bed-
nets, and wearing of long-sleeved clothes, require
information on biting and feeding behavior of salt-
ma"rsh mosquitoes. In this study, we determined the
composition and hourly activity pattern of salt-marsh
mosquitoes in Topsail Island, North Carolina.
Mosquito collections were made in a salt-marsh
area with the predominant plant species consisting
of salt grass (Di^r/ichlis spicata L.), smooth cord
Brass (.Spartina alterniflora Loisel.), and black nee-
dle grass (Juncus roemerianus Scheele) in the
northern part of Topsail Island (34"27'N,'77'3O'W),
Onslow County, North Carolina. Margins of the salt
marsh support dominant species such as marsh el-
der (Iva imbricata Walt.), wax myrtle (Myrica cer-
fera L.), yellow jasmine (Gelsemium sempervirens
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L.), and sea myrtle (Baccharis frutescens L.). The
study area was described previously by Rueda et
al.  (2001).
To establish species composition, mosquitoes
were collected weekly from July to September 1999
(l night/wk for l0 wk; 2 traps/night) from 2 sites,
about 2 km apart, by using traps baited with carbon
dioxide (CO,) and light as attractants. Each trap had
an incandescent CM-47 light bulb (John Hock Co.,
Gainesville, FL). The CO, was from a 10-kg com-
pressed gas cylinder. The average CO, release rate
was calculated to be 57 g/h. The CO, tank was on
the ground level, connected to a 2-m-long rubber
hose, which vented near the ftap air intake. Each
site had I model 512, Centers for Disease Control
(CDC)-type, 6-V, battery-powered trap (John Hock
Co.) suspended from a piece of wood about 1.3 m
above ground level. Mosquitoes near the intake
were sucked into the trap and blown into a 1,000-
ml plastic container. Tiaps were set every afternoon
between 1600 and 1700 h, and the collections were
picked up the following morning between 0800 and
0830 h.
To establish levels of hourly activity, mosquitoes
were collected for 3 consecutive nights on Septem-
ber 13-16, 2000, and for 3 consecutive nights in
October 3-6. 2000. A model 1512 collection bottle
rotator-type, l2-V DC, battery-powered trap (John
Hock), was placed on top of 2 closely standing par-
allel metal poles, about 1.3 m above ground level.
Each trap was equipped with an attractant combi-
nation of l-octen-3-ol (octenol), COr, and light.
The octenol (Biosensory, Inc., Willimantic, CT)
was a patented waxlike medium that releases 1.5
mg/h at 27"C. It was packaged in a crush-resistant
plastic housing containing 3 g of octenol. The CO,
was from a 2-liter plastic thermos containing I kg
of dry ice. The average CO, release rate was cal-
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Table I  Relative abundance of collected mosquito species in a Centers for Disease Control light trap
baited with carbon dioxide and lisht in a salt marsh, Topsail Island, NC-
July Aug. Sept.
Relative abundance (7o) Total3-month collected
mean' (n)
Aedes vexans
Anopheles atropos
Anopheles bradleyi
Anopheles crucians
Anophe les punctipennis
Culex pipiens
Culex restuans
Culex salinarius
Ochlerotatus infrmatus
Ochle rotatus sollicitans
O c hle rotatus tae niorhync hus
U ranotae ni a s app hirina
Total collected (z)
0.03
6.32
2.89
0.00
2.49
0.01
0.00
6 . 1 6
0.0r
33.3s
48.75
0.00
10.936
0.00
9.40
3.O7
0.00
1 .83
0.00
0.01
1.98
0.00
30.66
53.05
0.00
t1,127
0.03
16.93
5.93
o.6'7
2 .41
0.00
o.oo
17.19
0.16
25.73
30.34
0.01
20,259
0.45
258.3s
92.95
6.80
48.25
0.05
0-05
218-85
7.75
613.55
869.00
0.05
9
5,167
1,859
136
96s
I
1
t 5 5
t2 ,271
17,380
I
'Relative abundmce means for 3 months ile based on the total number of adults collected during the period.
culated to be 57 g/h. The CO, container and the
octenol package were placed beside the trap near
the air intake. The trap allowed segregation of the
adult mosquito catch into 8 plastic bottles every
hour by using a programmable timer. It had an in-
ternal back-up battery that maintained the date/time
and switching program for several days without ex-
ternal power. Two traps (about 5 m apart) were used
each night, with the lst trap running from 1600 to
24OOh and the 2ndtrap from 2400 to 0800 h. Each
bottle of the trap, labeled with time and date of
collection, had a dichlorvos mini-strip (BioQuip.
Gardena, CA) to prevent the escape of collected
mosquitoes.
Tiap collection containers or bottles were re-
moved each morning of the collection period. Spec-
imens were removed, taken to the laboratory, sorted
and identified by using Slaff and Apperson (1989),
and totaled. Monthly abundance and comparisons
o[ the hourly act ivi t ies among mosquito species
werc analyzed with analysis of variance (SAS In-
st i tute 1985).
During 20 trap-nights in the salt ma"rsh, 42,322
mosquitoes (12 species in 5 genera) were collected
(Table l). Ochlerotatus taeniorhynchzs (Wiede-
mann), Oc. sollicitans (Walker), Anopheles atropos
Dyar and Knab, and Culex salinarlzs Coquillett,
respectively, were the lst, 2nd, 3rd, and 4th most
abundant species collected. Among the Anopheles,
An. atropos was the dominant species, followed by
An. bradleyi King and An. punctipennis (Say). Only
9 specimens of Aedes vexans Meigen and 1 speci-
men each of Culex pipiens L., Cx. restuans'[heo-
bald, and Uranotaenia sapphirina (Osten Sacken)
were collected throughout the 3-month period of
trapping. Overall, more specimens of common
Anopheles and Ochlerotatus were collected in Sep-
tember than in July or August (P < 0.05).
The hourly adult activity is shown in Fig. I for
5 common species (Oc. taeniorhynchus, Oc. solli-
citans, An. atropos, An. bradleyi, and Cx. salinar-
ias), collected in a collection bottle rotator light trap
baited with octenol, COr, and ligbt. Ochlerotatus
taeniorhynchus (277o of 6,938 total collected spec-
imens) and An. atropos (337o of 889) had their sig-
nificantly highest peak of activity from 0100 to
0200 h (P = 0.05). Ochlerotatus sollicitans (2OVo
of 905) was most active at 0100 h. Anopheles brad-
leyi was highly active from 0400 to 0600 h, with
its highest peak at 0500 h (22Vo of 2,271), whereas
Cx. salinarius was at its peak at 22OO h (2OVo of
1,050). Both Anopheles species (82Vo of An. atro-
pos collected; 697o of An. bradleyi) were more ac-
tive from 0100 to 0600 h compared with other
hours (P < 0.05). Other species collected from the
rotator light trap included Oc. infirmatus Dyar and
Knab (3 specimens each at 0500 and 0700 h), and
Ae. vexans, Ur. sapphirina, and Cx. restuans (with
I specimen each collected at 0700 h).
The species composition in our study was similar
to that reported by Rueda et al. (2001), who used
traps baited with CO, and light, except for An.
punctipennis and Cx. pipiens. Based on the mean
of collected females per trap night from July to
September 1999, we found Oc. taeniorhynchus as
the most abundant species, in contrast to being the
4th dominant species during the October 1998 col-
lection (Rueda et al. 2001) when using traps baited
with CO, and light in Topsail Island. Further studies
should be done for at least a few years to verify the
monthly fluctuation of mosquito populations in the
salt-marsh area.
Numerous studies on the biting activity of mos-
quitoes (i.e., Anopheles, Aedes, and Culex species)
have been conducted in various parts of the world.
They include those conducted in Thailand (Rattan-
arithikul et al. 1996) and Malaysia (Hassan et al.
2001). Similar to the report of Carpenter and
LaCasse (1955), we observed that the females of
Oc. taeniorhynchus and Oc. sollicitans are persis-
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Fig. l. Hourly activity of 5 commonly collected mosquito species in model 1512 collection bottle rotator-type trap
baited with octenol, ciubon dioxide, and light in a salt marsh, Topsail Island, NC (ANATR, An. atropos; ANBRA, Az.
bradleyi; OCSOL, Oc. sollicitans; OCTAE, Oc. taeniorhyncfta.r; CXSAL, Cx. salinarius).
tent biters and may attack anytime during the day
or night. Ebsary and Crans (1977) observed that
the maximum activity of Oc. sollicitans in New Jer-
sey occurred within 15-30 min of civil twilight at
dusk and dawn. They noted that the total number
of female Oc. sollicitans collected from the dawn
period was significantly greater than for the dusk
period. In our study, we found Oc. sollicitans
throughout the collection period (1700-0800 h),
with increased activity from 2100 to 0600 h and a
peak at 0100 h. When we pooled the data, we also
found that for Oc. sollicitans, Oc. taeniorhynchus,
An. atropos, An. bradleyi, and Cx. salinarius, the
number of females collected was significantly
greater from 0500 to 0700 h (about dawn period)
compared with those collected from 1700 to 1900
h (about dusk period) (P < 0.05).
In addition to obtaining information on species
composition and adult activity, the larval breeding
habitats of salt-marsh mosquitoes should be iden-
tified in order to develop effective mosquito control
strategies. During our preliminary survey of Top-
sail Island (unpublished data), we collected the lar-
vae of common species of Anopheles, Ochlerotatus,
and Culex from salt-marsh habitats with the follow-
ing water parameters: salinity 2.9-28.1 ppt (mean
: 13.1 ppt, SE : 2.2 ppt),  conductivi ty 5.2-46.1
ms/cm (mean = 38.8 mS/cm, SE : 17.1 mS/cm),
pH 6.2-7.2 (mean : 6.6, SE : 0.3), and water
temperature 16.0-31.4'C (mean : 22.5'C, SE :
4.2"C). The wide range of values of the water pa-
rameters may indicate the diverse nature of habitats
and biting activity of the salt-marsh mosquitoes.
Further studies should be done to ascertain the spe-
cific habitats of each mosquito species, including
their water quality parameters and other environ-
mental factors.
Biting mosquito composition and human contact
by these species are important factors in determin-
ing nuisance level and possible disease transmis-
sion. People are likely to be motivated to use per-
sonal protection and other control methods when
biting mosquito densities are high. The hourly ac-
tivity of biting adult mosquitoes may be important
in the epidemiology of viral and other human in-
fectious diseases in the local areas.
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